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Method for separating gas mixtures, and a gas 
centrifuge for carrying out the method 

The invention relates to a method for separating gas 
5 mixtures by means of a gas centrifuge, in which a 
compressible process fluid is introduced into a double- 
walled rotor and, as a consequence of the centrifugal 
forces that act, is compressed and separated on the 
basis of its density. 

10 The invention also relates to a gas centrifuge for 
carrying out the separation of gas mixtures, which 
comprises a gas-carrying double-walled centrifuge 
rotor, which is in the form of a rotating drum, as part 
of an electric-motor drive. 

15 A technical solution such as this is required for gas 
processing technology. 

One technical solution which is evident from the 
subject matter of the invention has been disclosed in 

20 DE 100 15 546 Al . The gas centrifuge described there 
comprises a double-walled centrifuge rotor which has a 
compression area, an area remote from the axis and an 
expansion area. The double-walled centrifuge rotor has, 
seen in the flow direction, channels for radially 

25 supplying the relatively heavy gas fraction to the 
hollow drive shaft at the end of the area which is 
remote from the axis. In contrast, the relatively light 
gas fraction is passed to the vicinity of the drive 
axis in the expansion area, from where it is carried 

30 away. 

The primary defect of the known technical solution is 
that, as a consequence of the process fluid turbulence, 
which must be deliberately accepted at the boundary 
layers that are formed and which is further increased 
35 by technical measures, through the centrifuge rotor, 
both the drag on the process fluid which is flowing 
through the centrifuge rotor and the density-dependent 
gas separate in the area of the centrifuge rotor which 



wo 2004/050255 PCT/DE2003/003968 

- 2 - 

is remote from the axis are adversely affected. 



The object of the invention is therefore to provide a 
technical solution by means of which it is possible to 
5 overcome the defects of the known prior art. This 
relates primarily to improving the efficiency of gas 
separation, which should be carried out in a single 
stage. Ignoring efficiency losses resulting from 
external friction, the amount of energy consumed for 

10 separation of the process fluid should essentially be 
compensated for by the gain in energy resulting from 
the expansion of the process fluid. Reducing internal 
turbulence has the aim of arranging the relatively 
heavy components of the process fluid predominantly in 

15 layers at the outer casing of the centrifuge rotor. 

According to the invention, the object is achieved by 
the features of claims 1 to 3 and 7 to 9. The 
advantageous refinements are described in the dependent 
20 claims. 

In principal, ignoring efficiency losses resulting from 
external friction, the amount of energy consumed for 
separation of the gas mixture is reduced, since the 
amount of energy for acceleration with a constant mass 
25 flow counteracts and compensates for the magnitude for 
braking . 

In this context, the solution according to the 
invention proposes that the process fluid be 
channelized after entering the double wall of a 

30 centrifuge rotor, which is advantageously in the form 
of an external rotor of an electric-motor drive, so as 
to achieve a situation in which the process fluid that 
is being compressed and expanded flows in as laminar a 
form as possible, with minimal drag. 

35 This avoids the resultant density stratification 
resulting from the acceleration of the process fluid in 
the area of the centrifuge rotor remote from the axis 
being disturbed by turbulence and the enrichment of 
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relatively heavy gas molecules at the outer wall of the 
centrifuge rotor being adversely affected. 

The configuration of the flow cross sections over the 
5 entire flow length of the centrifuge rotor such that 
they are proportional to the mass flow or volume flow 
or are inversely proportional to the pressure results 
in a low-turbulence process fluid flow, which is 
additionally assisted by the arrangement of flow 
10 channels formed between webs which are parallel to the 
axis . 

The combination of a compression area followed by an 
expansion area in the centrifuge rotor makes it 
possible to operate the centrifuge while minimizing the 
15 consumption of mechanical drive energy. 

In the area of the expected maximum separation of the 
process fluids the gas flow is separated in a manner 
known per se into a relatively light and a relatively 
heavy gas fraction. 

20 

In summary, the advantages of the invention are the 
capability which is now provided to use a gas 
centrifuge of a type known per se for the separation of 
components of a gas mixture of different density in a 

25 separating stage by means of the proposed design and 
operating changes. The avoidance of unnecessary 
turbulence in the flow of the process fluid through the 
centrifuge rotor and the subsequent expansion of the 
initially compressed and possibly cooled process fluid 

30 result in particularly energy-efficient operation of 
the gas centrifuge. 

The invention will be explained in more detail in the 
following text using exemplary embodiments. 
35 In the attached drawing: 

Figure 1 shows a schematic longitudinal section 
through a gas centrifuge for separating gas 
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mixtures with the flow cross sections being 
designed to be proportional to the mass flow; 



Figure 2 shows a schematic longitudinal section 
5 through a gas centrifuge for separating gas 

mixtures with flow cross sections designed to 
be proportional to the volume flow or 
inversely proportional to the pressure; 

10 Figure 3 shows a schematic cross section through the 
centrifuge rotor. 

Exemplary embodiment 1 : 



15 Figures 1 and 2 show a gas centrifuge which is used for 
separating gas mixtures. The actual gas centrifuge in 
this case comprises a central supply tube 1 for the 
process fluid and the central outlet tube 10, which is 
used primarily as an outlet 14 for the lighter gas 

20 fraction. The double-walled centrifuge rotor 3 which is 
arranged between the supply and outlet tubes is 
connected in a gastight manner to the supply and outlet 
tubes 1, 10. The double-walled centrifuge rotor 3 is 
arranged between the supply and outlet tubes 1 and 10, 

25 with the connections to the stationary supply and 
outlet tubes 1, 10 being completed by labyrinth seals 
15. The stationary shaft of the stator of the electric- 
motor drive for the gas centrifuge is positioned in the 
supply and outlet tubes 1 and 10. This shaft also forms 

30 the axis 12 of the centrifuge rotor 3. The double- 
walled centrifuge rotor 3 has double bearings on the 
stator shaft. The double-walled centrifuge rotor 3 is 
in this case in the form of an external rotor of the 
electric-motor drive of the gas centrifuge. Axial fans 

35 11 are arranged in the supply and outlet tubes 1, 10, 
for transporting the process fluid through the gas 
centrifuge. The enveloping area 2 is arranged between 
the inner casing and the outer casing 7 of the double- 
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walled centrifuge rotor 3, and is available for the 
process fluid to flow through the double-walled 
centrifuge rotor 3. The flow cross section 4 of the 
enveloping area 2 is constant on each plane that is 
5 arranged transversely with respect to the axis 12 of 
the centrifuge rotor 3, and is thus designed to be 
proportional to the mass flow. Webs 5 which are 
parallel to the axis are arranged in the enveloping 
area 2, with continuous flow channels 6 being formed 

10 between them for the process fluid- Seen in the flow 
direction, a concentric separating threshold 8 is 
arranged upstream of the transition from the area B 
which is remote from the axis to the expansion area C. 
The central outlet tube 10 contains an annular channel 

15 9 in the outer area, for receiving and carrying away 
the higher-density gas fraction which is obtained at 
the separating threshold 8. This gas fraction can be 
extracted from this annular channel 9 via the 
extraction nozzle 13 of the gas centrifuge. 

20 The process fluid passes through the central supply 
tube 1 into the enveloping area 2 of the double-walled 
centrifuge rotor 3, where the process fluid is carried 
in flow channels 6 between the webs 5 which are 
parallel to the axis, until it reaches the position 

25 remote from the axis. 

Since the gas molecules are accelerated on a circular 
path, the mass-related centrifugal forces act with 
different intensities on the individual gas molecules, 
30 thus resulting in separation and a stratified 
arrangement of the different gas molecules in the flow 
cross section. 

The compression of the process fluid reaches values of 
35 more than 2.0 bar when the double-walled centrifugal 
rotor 3 is equipped with a radius of less than 0.5 m 
and is operated at a rotation speed of about 8000 rpm. 
This change in the process fluid parameters takes place 
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in the compression area A. In the area B of the double- 
walled centrifuge rotor 3 which is remote from the 
axis, the process fluid flows in the flow channel 6 
along the outer casing 1, with the aim being that the 
5 flow of the process fluid should be as laminar as 
possible in the flow channels 6 which are formed 
between the webs 5 which are parallel to the axis. This 
increases the capability for the relatively heavy parts 
of the process fluid to remain against the outer casing 

10 7 of the double-walled centrifuge rotor 3. The 
separating threshold 8 is arranged upstream of the 
transition from the area B which is remote from the 
axis to the expansion area C in the vicinity of the 
outer casing as a function of the proportions by volume 

15 of the individual gases, and separates the at least 
partially separated process fluid into a gas fraction 
with a relatively high density and into a gas fraction 
with a relatively low density. In the exemplary 
embodiment, the gas fraction with the relatively high 

20 density contains greater proportions of molecular 
oxygen. The gas fraction with the relatively low 
density contains greater proportions of molecular 
nitrogen than the unseparated process fluid. 
The expansion of the gas fractions of the process fluid 

25 which are carried in the expansion area C makes it 
possible to reduce the drive energy that is required to 
a minimum. 

The central outlet . tube 10 contains an annular channel 
9 into which the gas fraction with the relatively high 
30 density that is obtained is introduced. The extraction 
nozzle 13 for the oxygen-rich component of the process 
fluid is arranged on this annular channel 9. In 
contrast, a nitrogen-rich component is obtained at the 
outlet 14 for the relatively light gas fraction. 

35 

Exemplary embodiment 2 : 

A gas centrifuge designed as in the example 1 is shown 
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in Figures 2 and 3. 

In contrast to the situation in the example 1, the flow 
cross sections both in the compression area A and in 
the area B which is remote from the axis as well as 
5 those in the expansion area C are not designed to be 
proportional to the mass flow but to be proportional to 
the volume flow or inversely proportional to the 
pressure. In the compression area A, with a continuous 
increase in the pressure of the process fluid which is 

10 subject to the influence of the centrifugal forces, 
this leads to a continuous reduction in the flow cross 
sections until the area B which is remote from the axis 
is reached. In the area B which is remote from the 
axis, the increasing separation of the process fluid 

15 leads to a further minor increase in the centrifugal 
forces acting on the heavy gas molecules, and thus in 
the pressure of the process fluid, thus also leading to 
a reduction in the volume flow. This is taken into 
account by reducing the flow cross section to the start 

20 of the expansion area C. 

At the end of the area which is remote from the axis, 
the partially separated process fluid is separated at a 
separating threshold 8 into two gas fractions, and is 
expanded in the expansion area C. 

25 Matching the flow cross sections to the respective 
actual volume flow considerably restricts turbulence, 
and thus results in more effective stratification of 
the components of different density in the process 
fluid. 
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Method for separating gas mixtures, and a gas 
centrifuge for carrying out the method 

List of reference symbols 



1 Central supply tube 

2 Enveloping area 

3 Double-walled centrifuge rotor 

4 Flow cross section 

5 Webs parallel to the axis 

6 Flow channels 

7 Outer casing 

8 Separating threshold 

9 Annular channel in the central outlet tube 

10 Central outlet tube 

11 Axial fan 

12 Axis of the centrifuge rotor 

13 Extraction nozzle for the heavy gas fraction 

14 Outlet for the light gas fraction 

15 Labyrinth seal 

A Compression area 

B Area remote from the axis 

C Expansion area 



